Introduction
The Republic of Korea has experienced severe environmental problems including air pollution because of the rapid urbanization and industrialization during the last three decades. The government has taken various countermeasures in order to solve the air pollution problems. The efforts to reduce the levels of sulfur dioxide (S02) and total suspended particulates (TSP) have been quite successful while nitoroge~'oxides and ozone (0 3 ) are emerging as more serious threats to the urban atmospheric environment due to the ever-increasing automobiles.
The spacio-temporal analyses of the air quality using the monitoring data for the last ten years clearly revealed that the air quality changed with the urban development and countermeasure policies adopted. Future policy recommendations are made based on the analyses.
Air Quality Status and Trends in Seoul 1 The Trends of Annual Air Pollution Levels
As shown in Figure 1 . the annual average levels of S02. TSP and CO decreased by 62%. 65% and 44%. respectively. over the last decade (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) . while the oxidants' level (analysed as 03) showed 63% increase during the same period. The level of N0 2 showed a slight increase in recent years.
Monthly Variations
The monthly variations of air pollution level were as shown in Figure 2 . The levels of S02. TSP and CO which are generated mainly from heating showed higher levels in winter. while those of N0 2 . and He from vehicles did not show any significant changes with season. The oxidants (measured as 03) formed from photochemical reactions showed higher level in summer.
Diurnal Variations
The diurnal fluctuations of air pollution level were also analyzed as shown in • o 1(1-11 12
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reached their peaks between 8:00 and 10:00 in the moring and their minimums between 2:00 and 4:00 in the afternoon. The concentration of N0 2 started to increase with the commuting rush chours and showed two peaks: one at 10:00 AM and the other one at 8:00 PM.
Spatial Characteristics of the Air Pollution in Seoul
The spatial characteristics of the annual average pollution levels showed differences among monitoring stations. The concentration of S02 was high at Gileum-dong which is located in a residential area, Seongsu-dong in a mixed residential and industrial area and Mullae-dong in an industrial area. This reflects the fact that the major sources of S02 in Seoul are the coal briquette burning for home heating and the bunker-C oil used for industrial boilers. The concentration of N0 2 was high at Mullae-dong and Seongsu-dong which are located near industrial areas, Gwanghwamun in downtown and Jamsil-dong near Olympic Stadium: these stations are surrounded by heavy traffic. The major source of nitrogen oxides in Seoul is automobiles. The Gileum-dong station showed the highest level of S02 in Seoul in 1988 and 1992, but the ozone level was the lowest during the same periods. This station is situated in a middle-income residential area which uses coal briquette as a main source of home heating without heavy traffic nearby.
The S02 level in Seoul sharply decreased since 1988 as the fuel for heating switched from coal briquette and high-sulfur bunker oil to LNG and low-sulfur oil. The N0 2 level was higher in areas with high commercial activities and lower in residential and green areas. The N0 2 level showed peaks at rush hours and it was more distinctive in commercially-active areas. The oxidants level was highest at about 3:00 PM in all stations, and did not show significant differences among stations showing that the air mass over Seoul is quite well mixed before it reaches the full photochemical reactions in the afternoon.
Violation of the National Ambient Standards
The overall ambient air quality improved significantly for the past decade. None of the standard pollutants exceeded the long-term ambient standards (3-months average and annual average standards) in 1993. There were some monitoring stations which violated the short-term ambient standards (I-hr. 8-hr and 24-hr average). The national ambient air quality standards are as shown in Table 1 .
In the case of N02. the number of monitoring stations which violated the 24-hour standards remained almost constant for the last ten years (5 stations in 1988. 6 in 1989. 5 in 1990. 4 in 1991 and 5 in 1992 and 1993) . However. the total number of violation seemed to increase as shown in About the TSP, the number of monitoring stations which violated the 24-hour standard showed no significant change since 1988 (11 stations in 1988, 13 in 1989, 14 in 1990, 11 in 1991, 9 in 1992 and 14 in 1993) . However, the total number of violations decreased remarkably as shown in Table 4 . The Seongsu-dong and
Hannam-dong monitoring stations showed the highest number of violation. The level of oxidants exceeded the ambient standards in most of the monitorng stations in Seoul and this trend has been increasing. The number of monitoring stations which violated the I-hour standard increased also: 10 stations violated the standard in 1988. 11 in 1989. 8 in 1990. 15 in 1991. 11 in 1992. 12 in 1993 and 15 in 1994 . Also. the number of violations against the I-hour standard increased remarkably as shown in Table 5 . As of 1994. the number of violations in all the monitoring stations was 251.
Air Pollution Sources and Emissions
The number of air pollution sources nationwide has been increasing every year as shown in Table 6 . However. ,the number in Seoul has been decreasing rapidly since 1991 as shown in Table 7 . Especially the reduction in small-scale sources Table 7 ).
The national total emissions of S02. CO and HC increased until 1990 and have been decreasing since as shown in Table 8 . The major source of these three pollutants in South Korea used to be coal briquette for home heating~ The total energy consumption has been continuously increasing up to the present time. but the major fuel for home heating in urban areas has been substituted by less pollutive fuels like oil and gas since 1990. The build-up of natural gas supply system and district heating system using waste heat from power plant, dissemination of oil boilers for home heating, supply of low-sulfur oil and other policies the Government launched to clean up the air seemed to be effective. The reduction of these emissions in Seoul began earlier: the Government began to put special efforts in Seoul in 1988, which was the year of Seoul Olympic. The national total emission of TSP began to drop from 1992. The major source of TSP in the nation is industrial stacks and the stricter control of industrial emissions seemed to be the cause of the reduction, However, the major source of TSP in Seoul is automobiles, The Government tightened the emission standards for the exhaust gases from gasoline cars to the world-class level effective from 1988, the [1988] [1989] [1990] [1991] [1992] [1993] Seoul Olympic year. and thus the emission began to drop since (see Table 8 ).
The N0 2 emission in the nation is still increasing because of the difficulty in Table 8 ).
In Seoul City. transportation is the major emission source for CO. HC. N0 2 and TSP as illustrated in Table 9 . The contribution of transportation to these emissons is rising sharply because of rapid increase in automobiles and tighter control over stack emissions: in 1991. the transportation was responsible for 58.9% of the CO emission. 65.9% of the HC emission. 76.3% of the N0 2 emission and 35% of the TSP emission. but in 1993. just in two years. the pen;entages rose to 75.2%.
98.3%. 87.3% and 79.4%. respectively (see Table 9 ).
The major source of S02 in Seoul is the burning of coal briquette for home heating. The coal consumption in 1993 for home heating was reduced to less than a half that in 1991. but the contribution percentage remained the same. in the vicinity of 70%. This is so because the total S02 emission halved also due to the upgrading of the petroleum fuel. some above the standard and some below it, These fine particles are believed to be originated mainly from diesel cars, fuel combustion and waste incineration.
Therefore, the air pollution control policy in Seoul should better be focused on reducing nitrogen oxides, volatile organic compounds and fine particulates, the main source of which is automobiles.
Among automobiles diesel cars pose a much more serious problem. Diesel cars occupy 24.5% of the total vehicles in Seoul and consume 37% of the energy. Diesel exhaust gases account for 39% of CO, 36% of VQC, 80% of NO x , 85% of S02 and 99% of PM10 emission from transportation in Seoul.
Measures against Air Pollution from Automobiles

Measures for Automobiles
The government strengthened the emission standards for automobiles using gasoline, LPG, and kerosine to fight the urban air pollution problems. recommended to increase the number and set a ratio of the sample as to be flexible with the total sales.
As a measure to reduce the diesel exhaust, passenger cars with less than 15 seats and 1-ton trucks using diesel have been encouraged to switch the fuel to LPG, a much cleaner fuel. By the end of 1995, more than 180,000 diesel cars changed fuel. Buses in South Korea used to be low-powered: it saved energy but made serious smoke problem especially when running uphill. So the government started to introduce high-power buses in 1991 and 65.6% of the buses in Seoul were replaced by them by 1995. And a diesel/eNG engine has been developed and is being road-tested for further improvement for diesel cars.
To reduce air pollution from the cars in running. the Government has tightened the emission standards. For gasoline cars. the CO emission standard was upgraded to 2. llg/km. the He standard to 0.25g/km and the NO x standard to 0.62g/km in 1988. The HC and NO x standards will be further tightened to 0.16g/km and O. 25g/km. respectively. from the year 2000. The particulate emission standard for diesel cars was upgraded to 0.08g/km in 1996 and will further be upgraded to 0.05g/km from 2000. These standards are quite comparable to those in Western countries. The exhaust gas of running cars used to be tested in idling condition.
but the test is to be done on road to check the actual emission from January 1997.
The emissions of eo and He from gasoline cars are measured in idling condition. and the particulates from diesel cars at rapid acceleration in idling. But most of the measuring equipments are old and the accuracies doubtful. In addition. because of the insufficient man power and equipments. it is impossible to monitor the exhaust gases effectively considering the number of cars increasing continuously. Therefore. it is desirable to employ a new monitoring system such as an optical remote sensing equipment which monitors the exhaust gases of 1. OOO~ 1. 200 running cars simUltaneously. But. it ts necessary to check the economic feasibility and the credibility fully before using the equipment worth 300 million U.S. dollars.
The researches on the smoke-filtering equipment for diesel cars have been going on for a long time. and several institutes have almost completed their studies and are now testing the performances on the road.
Upgrading of the Fuel
Gasoline cars manufactured since 1988 use unleaded gasoline. The aromatic compounds. benzene and oxygen contents of gasoline have been improved since January 1996 as shown in table 10.
The standards for exhaust gases are as tight as those in any environmentallyconscious countries. but the standards for fuel such as the oxygen content.
aromatic compounds. sulfur and bezene known as carcinogen. are much loose 1996 compared to those of U.S.A. or Japan. Clean cars alone cannot make clean air without clean fuel. Therefore it is desired to upgrade the fuel specification so as to push the oil refineries for further research and investment to improve the. quality of fuels. At the same time the altenative fuels such as methanol. ethanol. CNG etc. need to be developed especially to improve diesel cars.
Traffic Management
The traffic is the most important cause of the serious air pollution in Seoul.
The number of cars registered in Seoul reached 2.043,458 as of December 1995. 
Measures against Fine Particulates
The regUlations to reduce the fine particulates from industries. coaIs and bunker-C oil have changed continuously. but the dust collecting equipment is essential in any cases. To control the fugutive dusts from construction sites and storage sites for coal and aggregates, those companies are required to hire an environmental manager responsible for managing the dusts and the sites should be monitored by the environmental officers. Also, to reduce dusts from roads, the Metropolitan Government is responsible for the sweeping of the roads using cleaning vehicles and operating report centers for citizens. The role of NGOs (non-governmental organizations) and citizens' group is very important in implementing the policies to clean up the air, so they need to be mobilized for efficient monitoring and cooperation from citizens.
Further Recommendations to Appease Citizens
Air pollution indi<;es in Seoul have been improved remarkably in recent years except for, nitrogen oxides and oxidants according to the monitoring data.
However, most of citizens think air quality becomes worse and worse. It may be so because there are differences between the air monitored and the air citizens breathe. The air quality in the downtown Seoul has improved significantly, but the air pollution has spread to I,Iluch wider areas, because of the enormous growth of the satelite cities of Seoul and .the relocation policy of industries to those satelite cities. Therefore the popUlation exposed to polluted air has increased enormousely while the peak concentratiohin downtown h3'S decreased. 'So it is time to pay attention not only t()conc~ntration but also to the area and: popUlation exposed .
. Another reason people feel the' air is,getting worse has to do with the visibillity, which, has not Qeen improving ,at, all despite of 'other air' quality indices. It is suggested that tne visibility be 'monitored and investigated to identify the cause and t6 find'waysto solve it. The visibility itself may mean many things which are not clearly known, to 'us. The S'eoulsky may look clean only when, all the air pollution problems are cleared. The .cSeoulcitizens will not.be happy about air without solving the visibility problem.
4.,' Conclusions.
Due to the intensive economic development for the last three decades in Korea, the per-capita income has increased remarkably: However, various, environmental problems' have occurred with the rapid urbanization, development' of the' heavy chemical industries and rapid increase .of vehides.
Seoul, ,the capital city of the Republic. of Korea with the popUlation of 12 milHonin a605km 2 area is the representative city that has serious environmental problems. Air pollution levels in Seoul have been significantly improvedaftet practicing various pollution teductionmeasures such as the supply of low-sulfur oil and clean fuel such as LNG, installfng gas cleaning devices in pq.ssenger, cars and others. However, the overall status of air quality :in Seoul' is' still 'far, from comfortable.
The temporal characteristics of air pollution in Seoul'are inVestigated: The trend of air .quality differ from ,pollutant to pollutant: The levels of CO, . T8P and S02
have improved Temarkbly, while the ,oxidants' level increased by 63% froni 1984, to 1993'. The monthly-average concentrations of air pollutants were also analyzed:
Air pollutatlts generated mainly:from space heating, such as 80 2 'and TSP, showed higher:.1evel in winter. The level of ND2 and He generated mainly from automobiles; showed almost fluctuation~ The' oxidants which ·areformed by photoohemkal reaction., showed higher concentration in'summer. In 1993. no air pollutant exceeded the long-term ambient standards. Also. all the air pollution levels except oxidants showed a remarkable improvement with respect to violations of short-term ambient standards. Only the oxidants showed an increasing number of violations against the short-term ambient standards.
Because of that. it is urgent to make measures to reduce the oxidants concentration.
It is recommended that special countermeasure policies be adopted to solve the air pollution problems associated with automobiles. fine particulates. fugitive dusts and visibility with emphasis on policies for citizens not for statistical data.
